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ABSTRACT;  ^l,3-Dtl.aalno-2,4,6-trlnltrobenzene,  DATE,  was  pre¬ 
pared  in  good  yield  froa  2,3,'^,6-tet^Bnltroaniline,  1,  An  owo 
stops.  3-Jtefchojcy-2,4, 6-trlnltroanillne,  II,  was  obtained  by 
th"  reaction  of  methanol  with  tetrsjiltroaniline  aind  converted 
directly  to  DATE,  1X1,  by  adding;  the  methanolic  reaction  solu¬ 
tion  to  amnoniacal  oiethanol,  Altenuitlvely  DATE  wae  obtained 
by  the  reaction  of  benzene  or  acetune  eolutlons  of  cryatalline 
'3-isethoxy-2,  b,6-trinitroanlllna  with  eusstoniacal  owthanol.  Three 
different  crystal  habits  were  obtained  depending  upon  reaction 
conditions.  DATE  in  large  rod  shaped  crystal  habit  was  suide 
by  the  addition  of  benzene  eolutlons  of  l,3-dlmethoxy~2,4,6- 
trlnltrobenzene,  IV,  to  amoniacal  methanol. 
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mia  r«9wrt  daaorlbM  th*  preparation  of  Jl,;}>(!laMino- 

2.4.6- trlnltrobaazane,  OATS,  by  the  aawonolysis  of  3~Bsthosy- 

2.4.6- trltiltroanlllae  and  l,5-dlBiethoxy-2,4,6-trlnltrobenz«ns. 
NAVORD  Report  6016  is  iim  initial  report  describing  the 
preparatlcii  and  properties  of  SATB.  Other  recent  reports 
concerning  the  latest  work  on  this  ooapound  are  KAVORD  Reports 
6208  and  6225. 

'this  work  was  perforsMd  under  Thsk  FR-44j  Explosive 
Synthesis,  as  part  ox  a  fvmdaaental  investigation  of  high 
temperature  at'  ble  aaploelves. 


NEU.  A.  FKTRRSON 
Captain,  tTSN 
Coamander 

Jr  ALBERT  LIOHOWOT 
dlreotloil/ 
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i,  ^-Dlamlno-i;,  rj-trlnltrobenzene,  DATE, 
by  Aannonolysls  of  Methoxytrinltrobei.zene  Compounds 


INTRODUCriON 

Current  military  explosives  are  unusable  In  high  speed 
Bi4,5»ile  warheads  brecause  of  decomposition  Induced  by  aero¬ 
dynamic  heating  of  the  warhead.  Hie  Organic  Chemistry  Division 
has  been  Investigating  the  synthesis  of  new  high  temperature 
resistant  exoLoelves  which  would  function  after  being  subjected 
to  high  temperatures  for  a  short  period  oi'  time.  One  of  these, 
l,3-di8Liflino-2,4,6-trinltroben2one.  or  DATE,  was  prepared  and 
given  a  preliminary  evaluation  (1).  The  evaluation  revealed 
that  the  compound  was  insensitive  to  Impact  and  thermally  stable 
at  500®F  (260®C),  A  plastic  bonded  composition  containing 
DATE  with  ‘j)%  binder  had  psrformb.nce  energy  about  equivalent  to 
TNT.  Because  or  these  properties  and  the  reasonable  avail¬ 
ability  of  DATE,  there  has  been  considerable  military  Interest 
In  It  for  special  applications.  Consequently  this  Division 
has  been  improving  the  synthesis  and  determining  physical 
pi’opertles  In  support  of  the  military  program. 

This  report  describes  the  synthesis  of  MTB  from  Vmathoxy- 
2,4, 6-trlnltroaniilne  and  l,3-dlmethcxy-2,4,6-tr'lnltrobenRene. 


DISCUSSION  AND  RESULTS 

DATE  from  3-Methoxy-2, 4, 6-trlnltroanlline.  In  the  Initial 
(  study,  DATS  was  obtained  principally  by  adding  either  a  solution 

of  tetranltroanlllne  In  Celloaolve  or  the  crude  solid  compound 
to  ammonia  in  50$^  methanol-water.  The  product  obtained  by  this 
method  had  vei-y  good  tiiOiiual  stability  but  was  obtained  at  the 
cost  of  using  large  volumes  of  solvent  or,  as  an  alternatlvs, 
handling  large  quantities  of  the  solid  explosive  intermediate. 

In  an  experiment  involving  the  addition  of  solid  tetranltro- 
anlllne  into  the  ainmonlacal  methanol  It  was  noted  that  the 
aniline  stayed  In  solution  for  a  few  minutes  before  DATE  preci¬ 
pitated,  On  the  premise  that  the  DATE  vea  ccml.ng  partially  xx’oa 
nucleophilic  substitution  of  3-methoxy-2, 4,6-trlnltroanl line 
as  well  as  from  substitution  of  a  nltro  group  by  ammonia,  aoas 
pA'i'u  was  prepared  by  amraonolysis  of  pure  methexy trlnltroaniilne 
to  determine  how  easily  DATE  may  be  obtained  by  a  two- stage 
■  reaction  of  tetranltroanlllne  to  raethoxytrlnltroanillne  to  DATE, 
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Although  Initially  the  aanples  of  DATS  prepared  in  this  way 
were  not  as  thermally  stable  as  the  material  obtained  by  direct 
ammonolygls  of  tetranJ troaniilne,  the  process  was  studied 
further  and  Improved, 

Tiie  Intermediate  5“iiiethoxy-2, 4, 6-trlnltroanlllne  was 
readily  prepared  by  heating  a  sluiry  of  crude  tetrsnltroanlline 
and  methanol  at  reflux  teniprratux-e  icr  a  few  hours.  The  product 
either  was  Isolated  as  fine  light  yellcv'  needles,  which  melted 
within  one  degree  o!'  the  molting  print  of  pure  methoxytrlnltro- 
anlllne,  or  It  was  used  iKuaedlateJy  In  .olutlon  in  the  ammo- 
nolysla  step,  Ihe  wine  red  reaction  mother  iitiuor  contained 
side  reaction  products  which  probably  resulted  from  reduction 
reactions  occurring  during  the  methoxy  compound  formation  and 
from  the  reaction  of  methanol  with  by-products  in  the  crude 
tetranltroaniilne.  However,  the  by-producta  did  not  Interfere 
with  the  ammonolyais  of  the  methoxytrlnltroanillne  and  DATE  with 
good  thermal  stability  was  made  without  Isolating  the  intermediate 
Fortunately  the  impurities  from  the  tetranltroaniilne  preparation, 
from  the  preparation  of  the  methoxytrlnitroanillne,  and  from  the 
eunmonolyBie  Itself  remained  in  solution  for  the  moat  part.  Tiie 
DATE  was  usually  discolored  somewhat  when  prepared  by  thla  two 
stage  procedure  but  nonetheless  had  acceptable  thermal  stability. 

Ihe  Isolation  of  methoxytrlnitroanillne  served  as  an  easy 
purification  step  which  eliminated  the  accumulation  of  Impuri¬ 
ties  from  the  crude  tetranltroaniilne  and  the  methanolysis 
reaction.  High  yields  of  DATS  of  good  purity,  as  shown  by  the 
vacuum  stability  test,  were  obtained  by  adding  benzene  or 
acetone  solutions  of  the  methoxy  compound  to  aqueous  ammonia  in 
methanol.  The  reaction  mother  liquor  was  not  deeply  colored, 
and  the  DATE  for  the  most  part  was  a  light  yellow.  An  optimum 
procedi.u’e  which  evolved  from  a  study  of  reaction  conditions 
consisted  of  dissolving  the  methoxyti'lnltroanlllne  In  acetone 
or  benzene  and  adding  this  solution  to  aqueous  anssonia  In 
methanol  at  50 “C. 

Much  effort  was  expended  In  determining  whlcji  reaction 
conditions  would  give  crystal  habits  other  than  thin  plates, 
and  crystals  large  enough  to  be  ground  down  to  an  optimum 
smaller  size  and  distribution  for  plastic  bonding,  Aa  expected, 
reaction  conriltlons  had  some  effect,  but  only  three  general 
types  of  crystals  were  obtained  with  assurance  of  reproduction; 
thin  plates,  twinns'l  trapcccld  ehipsd  rode  ("buttsrillas”), 
and  equant  pyramidal  crystals.  'Hie  former  two  habits  ranged  In 
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ai^e  from  50-100^.  in  the  longer  dimension,  and  20-^11  in  the 
shorter.  Ihe  experimental  results  evolved  the  following 
general  observations: 

(a)  CryotalB  of  a  particular  habit  obtained  on  a  small 
laboratory  scale  could  not  always  be  obtained  upon  scaling  up, 
even  the  ugh  the  procedure  was  repeated  precisely, 

(b)  Ihe  presence  of  water  appeared  to  be  necessary  to 
obtain  larger  crystals  and  to  reduce  the  amount  of  ^  sductlon 
by-products. 

(c)  'Ihe  addition  ox'  the  methoxytrlnltroanlline  solutions 
to  ammonlacal  methanol  rather  than  the  reverse  gave  larger, 
better  formed  crystals. 

(d)  Best  results  were  obtained  at  a  reaction  temperature 
of  50*C  X  5"*  No  particular  advantage  waa  observed  at  higher 
temperatures  and  crystals  of  smaller  particle  size  were 
obtained  at  lower  temperatures.  Rapid  stirring  and  dixute 
reaction  solutions  permitted  better  crystal  formation  with 
fewer  occlusions  in  the  crystals. 

(e)  Vacuvun  thermal  stability  at  260“C  did  not  correlate 
with  either  appearance  or  melting  point.  Good  color  end  sharp 
melting  point  did  not  Indicate  that  the  material  would  have 
thermal  stability  within  the  specification  llmltB.  In  general, 
DATE  of  the  larger  crystal  sizes  underwent  more  decomposition, 
probably  because  of  crystal  occlusions.  The  materials  pre¬ 
pared  in  this  study  gave  between  5.0  -  8.7  cc  of  gas  per  gram 
per  hour  at  260” C  in  the  vacuum  thennal  stability  test, 

(f)  Methoxytrlnltroanlline  was  easier  to  prepare  and  use 
than  ethoxy  trlnltroanlllne. 

2.  DATE  from  l,5-Dlmethoxy-i,^.6-trinltrobenzene.  On  the 
basis  of  the  aethoxytrinitroanlline  experience,  the  amreonolysls 
of  l,3-dlaethoxy-2,4,6-trlnltrobenzene  (2)  was  carried  out 
under  the  same  condition.’!.  The  DATE  from  this  intermediate 
wat.  light  lemon,  yellow  and  usually  formed  ae  long  rods,  some 
being  200-500p.  in  length.  ^ -cling  up  of  the  laboratoiy 
experiments  was  more  Bur.-;eeB/'ul  in  this  case.  As  in  the  methoxy- 
trlnltroanlline  systems,  addition  of  a  benzene  solution  of  the 
dimethoxy  co.nipourid  to  ammonia cxl  m^tliarsol  worked  beltsr  than 
the  reverse  addition. 
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EXPERIMENTAL 

1 .  DATS  from  ‘fe t ran Itroanl line  Without  Isolation  of  ^-Methoxy- 
2, 4,6"trj.nl  troanlllnfi. 

(a)  A  solution  of  5  ml  of  concentrated  aqueous  ammonia 
in  100  ml  of  methanol  was  placed  In  a  500  ml  creased,  3-necke>i, 
round  bottom  flack  fitted  with  a  mechanical  stirrer  and  a 
dropping  funnel.  Crude  tetranltroanlline,  10  g  in  250  ml  ■acthanol, 
wae  converted  to  5-methoxy-2, 4, 6-trlnltroanlllne  by  heatlrig 
briefly  at  reflux  with  stirring.  Ihla  solution  was  then  added 
dropwlse  durlr»g  one  half  hour  to  the  methanol  ammonia  solution 

at  50“ C,  The  solution  became  red  and  after-  about  3-5  minutes 
the  first  precipitate  appeared.  The  reaction  mixture  na.i 
stirred  foj’  one  half  hour  at  50 “C  after  the  addition  o’  the 
methoxytrlnitroanillne  was  completed.  TTiC  product  was  filtered 
ofi',  washed  with  methanol,  and  hot  water  and  dried;  yl-.?\d, 

7.2  g  or  8156. 

(b)  A  solution  of  10  g  crude  tetranltroanlline  in  250  ml 
methanol  in  a  50O  ml  creased,  3-neck,  round  bottom  flask  fitted 
with  a  mechanical  stirrer  and  a  reflux  condenser  was  prepared 
by  heating  the  mixture  to  reflux  for  one  half  hour.  Ammonia 
gas  was  then  admitted  to  the  atmosphere  above  the  solution. 

The  solution  became  deep  red  in  color  at  once  and  after-  two 
mitmtes  a  yellow  crystalline  precipitate  began  to  form.  The 
reaction  mixture  was  stln-ed  at  reflux  temperature  for  one  half 
hour  with  frequent  addition  of  ammonia  gas  above  the  mixture. 

The  mixture  was  stirred  one  half  hour  after  cooling  and  filtered. 
The  product  was  washed  well  with  hot  water  and  finally  with 
acetone;  yield,  7.95  g,  895^.  Ttre  crystals  were  triangular  in 
shape  with  average  particle  size  of  about  40-60  microns  on  the 
side. 

2.  Preparation  of  3-Methoxy-2, 4, 6-trinltroanlline.  A  al'irry  of 
250  g“  crude  febranltroanillne  and  1  liter  of  methan,,!  in  a  3  liter, 
3-necked  round  bottom  flask  fitted  with  a  thermometer,  mechani¬ 
cal  stirrer  and  reflux  condenser  was  heated  at  reflux  t.emperature 
for  about  an  hour.  Complete  solution  was  not  sehieved,  but  the 
change  in  form  of  solid  material  from  an  amorphous  so’-ld  to 

well  I'oz’med  needles  was  indicative  of  the  completion  of  thj  re¬ 
action,  Tne  reaction  mixture  was  cooled  and  the  product  w.-iB 
filtered  ofi,  washed  with  methanol  and  air  dried.  Tlie  yle.'.d  of 
light  yellow  needles  was  I92  g  or  77%;  m.p.  134-5“C,  unoorrected. 
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5=  DATS  from  j-Methoxy-2, 4, o-trlnltroanlllne. 

(a)  A  creased,  2-llter  3-neck  round  bottoio.  I'lask  with  a 
mechanical  stirrer  and  two  droppl;.Tg  Tunnels,  and  contaiiiinti 
500  ml  of  methanol  and  heated  to  50“  C  by  a  water  bath  was  used 
for  tne  reaction,.  A  aolution  of  50  g  of  3-methoxy-2, 4, 6- 
trlnltroanlllne  in  250  ml  of  acetone  was  placed  in  one  dropping 
furmal  and  a  solution  of  27.5  ml  of  concentrated  aqueous 
ammonia  in  212.5  ml  of  methanol  was  placed  in  another  dropping 
funnel.  A  portion,  25  ml,  of  the  metfutnol-amnonla  solution  first 
was  added  to  the  methanol  in  the  flask.  “Kien  both  solutions 
were  added  simultaneously  and  slowly  during  a  two-hour  period, 

x3,ways  keeping  the  methanol-ammonia  solvitlon  uddltlon  rate 
slightly  faster  than  the  methojfy  aniline  solution.  Rapid, 
turbulent  stirring  was  inEilntalned  during  the  reaction.  The  re¬ 
action  mixture  was  stirred  for  one-half  hour  after  completion 
of  the  addition;  tl\en  the  orange  colored  orya;alllne  product 
was  filtered  off,  washed  with  methanol  and  air  dried.  Ihe 
yield  was  38  g  or  81^6;  m.p.  280-282“C.  Tl.e  crystalline 
particles  Y<ere  fines  mixed  with  ill  formec  massive  rounded 
crystals,  "potato"  shaped  (Fig.  1). 

(b)  A  solution  of  10  ml  of  conc(mtra '.ed  aqueous  ammonia 
in  250  ml  of  metha,nol  was  placed  in  a  1-iii.er  3-neck  creased 
rc'ind  bottom  flask  with  a  mechanical  titlrrer  and  dropping 
funnel.  A  solution  of  10  g  of  3-meth<)xy-2, 4,b-trlnltroanllln0 
dissolved  in  250  ml  of  benzene  was  added  dropwise  during  one 
hour  while  maintaining  the  temperature  at  53' C.  Ihe  reaction 
mixture  was  stirred  for  one  hour  after*  the  addition  of  the 
methoxy  aniline  solution  was  complete  and  then  the  product  was 
filtered  off,  washed  with  methanol  anc  air  dried.  It  was  an 
orange  yellow  crystalline  material,  shaped  like  thick  rods  but 
somewhat  agglomerated  (Fig.  2).  The  yield  *m.s  8,5  g,  90^; 
m.p.  282-284“C. 

(c)  A  solution  of  10  g  3-mcthoxy-2, 4,6' i.rinitroanlllne 
in  150  ml  of  methanol  was  prepared  by  warmins;  on  a  ste?im  bath. 
Ammonia  gas  was  bubbled  into  this  solution,  ;+.ept  warm  on  the 
steauii  bath,  Tne  solution  turned  cherry  red  immediately  on 
addition  of  the  gas  and  a  yellow  preclp'ltate  began  to  form  in 
2-5  minutes.  Precipitation  was  complete  in  about  15  minutes. 

The  solution  was  allowed  to  cool  with  occasional  shaking,  "he 
product  was  filtered  off,  washed  with  methanol,  acetone,  and 
water  and  dried  In  an  oven  at  oO'u.  'Ihe  ylelc  of  yelloYt 
crystalline  product  was  9.0  g  or  95.8%.  Tne  crystals  were  a 
mixture  of  rods  a.id  triangles,  all  thin  plates. 
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4.  DATS  from  1, 3-Uliitethoj(y-2. 4.6-trliiltroanlllne,  A  boIu- 
tlon  of  150  ml  of  concentrated  adueous  ammonia  in  three  liters 
of  methanol  was  placed  In  the  flaak  and  heated  to  50 
A  solution  of  200  g  of  l,3-<ilmethoxy-2,4,6-trlnltrobenzeno  in 
1200  Bsl  of  benzene  was  added  during  90  mlnutea  with  stirring. 

Ihs  taapsr^ture  varied  between  50®  and  65*C.  Precipitation 
of  the  product  started  about  three  minutes  after  the  addition 
aao  begun,  me  reacLion  mixture  was  stirred  for  an  additional 
30  minutes  at  50  ®C,  the  product  was  then  collected  on  ::: 

Buohner  funnel  and  washed  with  awthsnol.  After  air  drying  the 
product  weighed  I65  g.  and  conaisted  of  lemon  yellow,  well 
formed  rods,  typically  80  »  200n  (Pig.  3).  A  small  portion  of 
the  product  waa  dried  at  i00*c  in  a  vaouiai  oven  and  the  physical 
properties  ware  measured;  js.p.  283-285*0,  luicorrected,  thermal 
stability  at  250*C  for  two  hoiu‘8  »  2.4  cc/g^/hr. 

A  scaled  up  preparation  by  this  method  used  755  S  of  1,3- 
dimethoxy-2, 4,6-trlnltrob«mzene  and  pilot  plant  conditions 
(sn  open  stainless  steel.  Jacketed  reaction  vessel  eij'alpped 
with  an  efficient  stirrer)  and  yielded  557  g  ot  product,  78^» 
which  had  the  following  properties:  m.p,  283. 5-284. 5"C,  un- 
corrsoted,  bulk  density  0.43  g/cc,  thermal  stability  at  260*C 
for  two  hours  -  3.6  g/co/'hr. 
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FIG.  1  DATS  FROM  ACETONE  SOLUTION  OF  3-METHOXY- 
2,4,6-TRlNITROANILINE  ADDED  TO  AMMONIACAL 
METHANOL  C  100 X  ] 
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FIG.  2  DATB  FROM  BENZENE  SOLUTION  OF  3-METHOXY- 
2 .4,6  -  THINiTROANlLINE  ADDED  TO  AMMONlACAL 
tviETHANOL  CIOOX] 
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FIG.  3  DATB  FROM  BENZENE  SOLUTION  OF  1,3-DIMETHOXY- 
2,4,6- TRINITFIOBENZENE  ADDED  TO  AMMONIACAL 
MENTHANGL  L  100X3 
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